p_Aminobenzoate synthase (PS) and anthranilate synthase (AS) are structurally related enzymes that catalyze similar reactions and produce similar products, pamand o&o-aminobenzoate (anthranilate) . Each enzyme is composed of two nonidentical subunits: a glutamine amidotransferase subunit (Co11 ) and a subunit that produces an aminobenzoate product ( CoI) . Nucleotide sequence comparisons of the Escherichia coli genes encoding each of the subunits suggest a common evolutionary origin for both subunits of the enzyme complexes. We report here the nucleotide sequences of the pabB genes that encode Salmonella typhimurium and Klebsiella aerogenes PS CoI. Comparative sequence information suggests that pabB is encoded as the first gene in a multicistronic transcript. Comparison of deduced amino acid sequences of PS Co1 genes indicates that the majority of sequence identity occurs in the C-terminal two-thirds of the proteins. Similarly, identities in an alignment of eight PS and AS Co1 sequences are confined to the C-terminal segments of the proteins. Secondary-structure predictions for the nine sequences suggest considerable similarity in the folding of the C-terminal portions of the aminobenzoate synthases.
Introduction
The study of p-aminobenzoate synthase (PS) and anthranilate synthase (AS) presents a model system for the study of genes and proteins that are evolutionarily related but have diverged to carry out different enzymatic functions. Both PS and AS consist of two nonidentical subunits, component I (CoI) and component II (CoII). In each synthase complex, Co11 provides a glutamine amidotransferase activity whose function is to transfer the -NH2 group from glutamine to CoI, which then uses the -NH2 to form an aromatic aminobenzoate product. In the absence of CoII, Co1 can use free NH3 to form the aromatic product (Ito et al. 1968 ; S. Doktor and B. P. Nichols, unpublished results) . PS and AS share at least a portion of the reaction mechanism from substrate to product (Teng et al. 1985) .
The structural relationships between the PS and AS glutamine amidotransferase (CoII) subunits have been recently documented (Kaplan and Nichols 1983; Kaplan et al. 1984 Kaplan et al. , 1985 . The Co11 subunits perform identical roles in the aminobenzoate synthase complexes, and specificity appears to be provided solely through subunit associations. The relationship between PS and AS is further underscored by the observation that some bacteria (Acinetobacter calcoaceticus [ Sawula and Crawford 19731 , Pseudomonas acidovorans [ Buvinger et al. 198 11, and Bacillus subtilis [Kane 19771 ) express a single amphibolic Co11 subunit which functions in both p-aminobenzoate (PABA) and anthranilate synthesis. The similarity in the nucleotide and predicted amino acid sequences among Co11 genes from diverse sources reflects the identical reactions they perform and suggests that they are paralogous (Kaplan and Nichols 1983; Kaplan et al. 1984 Kaplan et al. , 1985 .
The structural relationship between PS and AS Co1 was first inferred from the ability of antibodies raised against AS to cross-react with fractionated extracts containing PS (Reiners et al. 1978 ) . More recently, the nucleotide and amino acid sequence relationships between the Escherichia coli PS and AS Co1 genes have been clarified . The Co1 proteins are less similar than their Co11 counterparts (26% identity compared with 44% identity, respectively) and, rather than showing similarity throughout the sequences, are identical primarily in the C-terminal two-thirds of the proteins. The sequence similarity most likely results from portions of the sequence that are responsible for catalyzing similar portions of the reaction sequence from substrate to product. As with CoII, the sequence similarities suggest paralogy .
To further our understanding of the relationship between PS and AS, we have determined the nucleotide sequences of the pabB genes for PS from Salmonella typhimurium and Klebsiella aerogenes. Comparisons of the flanking sequences of these two enteric pabB genes with the E. coli pabB flanking sequences suggest that pabB is transcribed and translated as the first gene in a polycistronic mRNA and that another gene is transcribed from a promoter oriented oppositely from the pabB promoter.
Comparison of the deduced amino acid sequences of the pabB genes shows that PS Co1 sequences are more divergent than many other orthologous proteins from these enteric bacteria. Alignment of eight amino acid sequences derived from PS and AS Co1 gene sequences reveals several regions of identity clustered in the C-terminal portions of the sequences. Secondary-structure predictions on each of the sequences also suggest similarities in polypeptide folding. The data are consistent with the hypothesis that PS and AS are ( 1) paralogous and ( 2) have diverged to play different roles in intermediary metabolism.
Material and Methods

Media
Complete media consisting of 1% tryptone, 0.5% yeast extract, and 0.5% NaCl along with a minimal salt medium (Vogel and Bonner 1956) were used routinely for both liquid broth cultures and solid media. Supplements added to media were at the following concentrations: amino acids, 20 pg/ml; PABA and thiamine, 1 pg/ml; 5-bromo-4-chloro-3-indolyl-/.3-D-galactopyranoside ( X-gal), 40 pg / ml; isopropyl-p-r>-thiogalactoside (IPTG), 0.4 mM; glucose, 0.4%; ampicillin, 50 pg/ml.
Bacterial Strains, Phages, and Plasmids
The Escherichia coli strains used in the present study were E. coli AB3303 (pabB.3) (Huang and Pittard 1967 ) M13mp18, and M13mp19 (Yanisch-Perron et al. 1985) . Ml3mp8/MZuI (Stanley 1983) was obtained from J. Stanley. A h library containing SaZmoneZZa typhimurium genomic DNA was obtained from Robert Lawther. A plasmid library containing Klebsiella aerogenes genomic DNA and pBR322 vector was obtained from Ronald Law.
Enzymes and Biochemicals
Restriction endonucleases were purchased from New England Biolabs or Boehringer-Mannheim or were prepared in our laboratory by published procedures. Escherichia coli DNA polymerase I (Klenow fragment), S 1 nuclease, calf intestinal phosphatase, and terminal transferase were purchased from Boehringer-Mannheim. T4 DNA polymerase was purchased from International Biotechnologies, Inc. T4 polynucleotide kinase was a gift from A. Berk. [y-32P]ATP (>2,000 mCi/p.mol) and [ c+~*P]~CTP (800 mCi/pmol) were purchased from Amersham.
DNA Manipulations
Restriction digests, ligations, and gel electrophoresis experiments were carried out according to the method of Maniatis et al. (1982) . Plasmid DNA was routinely transformed into E. coli cells according to a method described by Mandel and Higa ( 1970) . Small-scale plasmid DNA preparations were produced according to the Bimboim and Doly ( 1979) method. When large-scale ( 1-mg) quantities of plasmid were needed, the method of choice was that of Guerry et al. ( 1973) . Fragment elution from acrylamide gels was performed according to the crush-and-soak method of Maxam and Gilbert ( 1980 ) .
DNA Sequence Analysis
DNA sequence determination was performed according to the chain termination method of Sanger et al. (1977) . Isolation of specific single-stranded templates was performed according to a method described by Messing et al. ( 198 1) . Plasmids pMS 1 ( fig. 1 ) and pMB465 ( fig. 2 ) served as the source of DNA fragments that were cloned into various Ml 3 phage templates. All of the nucleotide sequence presented in the present work was determined on both strands of the DNA with all restriction sites overlapped. In generating several clones, the single-strand deletion method described by Dale et al. ( 1985 ) was employed.
Computer Analysis DNA and amino acid sequences were analyzed using computer programs purchased from IBI and Hitachi. Secondary-structure predictions were done according to the method of Gamier et al. ( 1978 ) by using software obtained from Intelligenetics.
Results
Nucleotide Sequence Determination
Salmonella typhimurium pabB was isolated from a pool of hybrid hgt7 phage containing EcoRI fragments of S. typhimurium genomic DNA. A phage containing pabB was identified by its ability to transduce Escherichia coli AB3303 (pabB3) to PABA independence. The DNA from this phage (hpabB) was isolated and digested with EcoRI. A 7.6-kb EcoRI fragment subcloned into pBR322 (pFE 1) conferred PABA independence on E. coli AB3303. An EcoRI-Sal1 subclone in pBR322 (pMS1) contained 4.8 kb of S. typhimurium DNA that complemented the pabB mutation. The location of S. typhimurium pabB was determined by DNA sequence analysis. A 3.2- kb iWu1 fragment containing the 5' portion of pabB at one of its ends was isolated and ligated to MZuI-digested M 13mp8 /iWuI (Stanley 1983) . Recombinant phages containing the 3.2-kb MZuI fragment present in both orientations were isolated (mPG 103 and mPG 104 ) . Nucleotide sequences obtained from mPG 104 were identified as pabB by comparison with the E. coli pabB sequence. The sequencing strategy of the entire S. typhimurium pabB gene is shown in figure 1 . Most of the DNA sequence was obtained from HinPI, HpaII, and TaqI subclones derived from the 3.2-kb AccI fragment. Additional sequence data were determined from several deletions of mPG 103 constructed according to the rapid single-strand deletion method described by Dale et al. (1985) or by using the 126-bp TaqI fragment as a primer for template containing the 902-bp HpaII fragment ( fig. 1, dashed line) .
Klebsiella aerogenes pabB was isolated from a pBR322 library containing K. aerogenes chromosomal DNA. BamHI digests of K. aerogenes genomic DNA and plasmid pBR322 were ligated and transformed into E. coli AB3303. One plasmid conferring PABA independence and ampicillin resistance, pRLpabB, contained a 12-kb BamHI fragment in the BamHI site of pBR322 ( fig. 2 ). The location of the pabB gene was deduced from subclones pPG 10 and pMB465. Subclone pPG 10 carried an 8-kb EcoRI-BamHI fragment, while pMB465 contained an overlapping 7-kb BamHISal1 fragment. All three plasmids-pRLpabB, pPGl0, and pMB465-contained in common a 2.5-kb EcoRI-Sal1 fragment. The location ofpabB within the EcoRI-Sal1 fragment was confirmed by Southern hybridization experiments using E. coli pabB as a probe (data not shown). The nucleotide sequence of K. aerogenes pabB was determined from M 13mp8 or M 13mp 18 ( Yanisch-Perron et al. 1985 ) subclones containing fragments derived from the 2.5-kb EcoRI-Sal1 fragment. The nucleotide sequence of a 66-bp region on one of the strands was determined by using the 193-bp HpaII fragment to prime synthesis from a template containing the 507-bp Sau3A fragment.
Comparison of pabB Sequences
The nucleotide sequence and deduced amino acid sequence alignment of E. coli, S. typhimurium, and K. aerogenes pabB are presented in figure 3 . The pabB sequences are essentially colinear, differing only at the extreme 5 '-terminus, at the position of the presumed initiating codons. The pairwise comparisons between sequences of E. coli, S. typhimurium, and K. aerogenes pabB are consistent with 5s RNA sequence comparisons that indicate that E. coli, S. typhimurium, and K. aerogenes speciated at approximately the same time (Hori and Osawa 1979) . Table 1 summarizes the nucleotide and amino acid sequence differences among the three pabB genes. As might be expected, most of the nucleotide substitutions (57%-60%) among the three pairwise sequence comparisons occur in the third position of codons and are randomly distributed throughout the sequence. However, approximately two-thirds of the base substitutions in the first and second codon positions (as well as amino acid replacements) are found in the first 40% (to residue 177 ) of C  TT  G  G  G  C GAG  T  T  GAA  CC  C  CC  T  C  C  C  G  G  G  G  ACG  G  CCC  G  G  C  G  C  CC  T   750  780  810  CCA TTT AGC GCT TTT TTA CGT CTT GAA CAG GGT GCA ATT TTA AGC CTT TCG CCA GAG CGG TTT ATT CTT TGT GAT AAT ACT GAA ATC (60) 222 (58) 219 (57) 373 (23) 385 (29) 385 (29) 106 (23) 117 (26) 112 (25) NOTE.-Numbers in parentheses indicate percent of total differences. EC = Escherichiu coli; St = Salmonella typhimurium; Ka = Klebsiella aerogenes.
the sequences, indicating a higher degree of divergence and, presumably, relaxed functional constraints in the early portion of the sequence. One striking region of exact nucleotide sequence identity among all three sequences is found at nucleotide positions 1305-1347. The lack of substitutions within a 43-bp sequence does not appear to result from codon usage constraints as dictated by the amino acid sequence; however, the region does contain a sequence that might contribute to the formation of a stable secondary structure at either the mRNA or DNA level ( overlined in fig. 3 ) . As discussed below, comparison of the 3'-flanking regions has revealed the presence of an open reading frame. It is conceivable that the conserved sequence or structure within the coding region ofpabB affects the expression of sequences downstream of pabB, although at present no experimental evidence is available to support this hypothesis.
The pattern of codon usage among the three enteric sequences is similar to and consistent with that of genes that are not expressed at high levels (Grantham et al. 198 1) . Most of the codons that are seldom used in E. coli genes are also rare among the pabB sequences. These include codons AGA/G, CGA (Arg), ATA (Ile), and CTA (Leu). The infrequent use of these codons is consistent with the low levels of corresponding cognate tRNA molecules in E. co/i (Ikemura 198 1) .
Amino Acid Sequence Divergence among PS Components I
The amount of amino acid sequence divergence in pairwise comparisons of the enterobacterial PS Co1 sequences ranges from 23% to 26% (table 1). The total amount of dissimilarity among the PS Co1 sequences is high compared with that of other orthologous proteins from these organisms. For example, alignments of amino acid sequences encoded by E. coli and S. typhimurium up, metJ, trpB, trpG, ompA, araC, and trpE genes display OS%-12.5% divergence (see Cossart et al. 1986 and references within). Comparisons of amino acid sequences encoded by E. coli, 5'. typhimurium, and K. aerogenes trpA and pabA indicate 12.7%-16% and 15%-20% divergence, respectively (Nichols et al. 198 1 a; Kaplan et al. 1985) . These data suggest that PS Co1 is able to tolerate a greater number of amino acid replacements than do several other proteins. As mentioned above, nearly two-thirds of the amino acid replacements occur in the N-terminal 40% of the sequence, and most of these are clustered into discrete regions. Analysis of the amino acid replacements within these regions does not reveal any bias for conservative or nonconservative replacements with respect to the four functional amino acid classes (i.e. nonpolar, uncharged polar, acidic, and basic). Pre- 540 Goncharoff and Nichols sumably the N-terminal region of the polypeptide function as is the C-terminal segment.
is not as critically important for PS
Comparison of pabB 5 '-flanking Regions
An open reading frame 73 bp upstream and oriented in the opposite direction from E. coli pabB is conserved in all three organisms. Presumably the 73-bp intercistronic region shown in figure 4a contains two divergently oriented promoter sequences. S 1 nuclease mapping of E. coli RNA has identified the initiating point ofpabB mRNA near position -48. A sequence with similarity to the E. coli consensus promoter sequence (Hawley and McClure 1983) lies immediately upstream. The relative positions of these sequences and the 5 '-terminus of an mRNA suggests that transcription initiation occurs at position -48. The strong conservation of the -35 and -10 regions in S. typhimurium and K. aerogenes suggests that these sequences serve as pabB promoters as well. It is interesting that the -35 region of these promoters lies within the upstream coding region.
Sl nuclease mapping has identified the 5'-termini of two oppositely oriented transcripts. The two transcripts initiate at positions -5 1 and +2 1. Each of these signals is preceded by sequences similar to the -10 and -35 regions of the E. coli consensus promoter sequence ( fig. 4a) .
Comparison of the pabB 3'4lanking Regions
A comparison of pabB 3'4anking regions ( fig. 4b) reveals another conserved open reading frame. The initiation codon of the downstream reading frame is GTG in E. coli and S. typhimurium, while the more common ATG codon is present in K.
aerogenes. An intercistronic spacing of 3 bp is conserved between the two genes in all three organisms. Available sequence data indicate that the reading frame extends for at least 600 bp beyond the sequence shown in figure 4b . Transcriptional fusions between sequences downstream of pabB and ZacZ have been constructed (data not shown) and indicate that the region is transcribed into mRNA. The origin of the transcriptional activity may result either from a polycistronic message containing both pabB and downstream sequences or from transcription initiation with pabB. Taken together, the presence of transcription, the conservation of the coding region, and the presence of a Shine-Dalgarno sequence ( 5'-GGAG-3') 9 bp upstream of the coding region strongly suggest that a protein product is encoded by sequences immediately downstream of pabB.
PS and AS Co1 Sequence Comparisons
The amino acid sequence comparisons described above have been extended to include all known PS Co1 and AS Co1 sequences. These sequences include (1) the three enteric PS Co1 sequences resulting from this work and (2) AS Co1 from two enteric bacteria, two Gram-positive bacteria, and yeast. The alignment in figure 5 has been constructed manually and is based in part on alignments reported elsewhere . Additional gaps were required to align AS Co1 sequences. In all, 15 gaps have been inserted into the sequences.
Forty-six conserved amino acid residues are present among all eight Co1 sequences ( fig. 5, boxed regions) . The occurrence of identities among all of these sequences provides further support for the common ancestry ofpaminobenzoate and anthranilate synthases. A similar although more pronounced pattern of amino acid conservation is apparent in comparisons of E. coli PS Co1 and AS Co1 (Goncharoff and Nichols . Most (43 of 46) of the amino acid identities occur in the C-terminal halves of PS and AS CoI. The absolute conservation of these residues within longer regions of less stringent conservation suggests that they are critical for enzyme structure and/or function. Secondary-structure predictions (Garnier et al. 1978) were made for each of the eight amino acid sequences illustrated in figure 5. When the secondary-structure predictions were aligned as in figure 5 , several regions of consistent structure prediction were evident in many of the sequences. The consensus predictions for several regions are illustrated below the sequence alignments in figure 5 . Structures are indicated only if six or more of the sequences predicted the same structure over four or more consecutive residues. (This criterion also assures that at least one sequence of each group is represented in the consensus.) The exceptions to this guideline are the two p-turn segments at residues 338-340 and 459-46 1, where turns are predicted for three consecutive residues. As with the sequence identities, most of the consistency in secondarystructure prediction lies in the C-terminal two-thirds of the sequence alignment. Ten of the identical residues lie within predicted u-helical structures, six are in regions predicted to be P-sheet structures, and two are in segments predicted to form P-turns. Ten additional conserved residues lie immediately adjacent to or one residue removed from segments predicted to form regular structure. Some of these are likely to be active-site residues that lie between regions of helices or sheets.
Discussion
The PS Co1 nucleotide and amino acid sequences reported here, along with the nucleotide and amino acid sequences of Escherichia coli, Salmonella typhimurium, and Klebsiella aerogenes PS Co11 reported elsewhere (Kaplan and Nichols 1983; Kaplan et al. 1985 ) , both establish the complete primary structure of PS from these organisms and elucidate the chromosomal organization of the two genes that encode the nonidentical subunits of the PS enzyme complex. Comparison of PS and AS Co1 sequences illustrates the homologous and paralogous relationships among this family of aminobenzoate synthases.
If just the PS Co1 sequences are compared, it can be seen (table 1) that the amount of amino acid divergence in pairwise comparisons (23%-26%) is slightly higher than divergence of PS Co11 ( 15%-20% ) . Most amino acid replacements among the PS Co1 sequences occur within the N-terminal segment of the polypeptide, suggesting that, if the N-terminal portion of PS Co1 is essential to structure or function, then that function is not largely dependent on specific amino acid sequences. In contrast, amino acid replacements among the PS Co11 sequences occur in six regions that are essentially evenly distributed throughout the sequence alignment. 
Goncharoff and Nichols
The genes encoding PS Co1 and Co11 (pabB and pabA, respectively), are unlinked in E. coli. pabB, at 40 min on the chromosome, appears to be the first gene encoded on a polycistronic transcript that contains at least two genes. pabA, located at 74 min on the chromosome, appears to be encoded as the last gene of a transcript containing other genes of unknown function (Kaplan et al. 1985) . At present it is not known whether the expression of pabB and pabA is coordinated to produce similar levels of polypeptides for the PS complex.
In cross-species comparisons, it is evident that Co1 and Co11 arose from separate ancestral sequences. The amount of similarity between E. coli PS Co1 and AS Co1 (26% at the amino acid level) is less than the amino acid similarity present between PS Co11 and AS Co11 (44%). This is likely due to the fact that PS and AS Co11 are small proteins that have identical roles of transferring the amido group of glutamine to the Co1 subunit of each respective enzyme complex. The lower amount of similarity present between PS Co1 and AS Co1 may be due to differences in catalytic and regulatory functions.
We have elsewhere proposed that the C-terminal conservation of AS Co1 and PS Co1 sequences reflect common elements in the conversion of chorismate to aminobenzoates and that the N-terminal divergence reflects differences in feedback inhibition or subunit interactions. Results from chemical modification experiments of Serratia marcescens AS Co1 have implicated a single histidine, one arginine, and one cysteine residue as essential for enzymatic activity ( Tso and Zalkin 198 1) . If AS Co1 sequences alone are considered, no conserved histidine, arginine, or cysteine residues are found prior to position 365. A good candidate for an essential histidine residue is His-43 1, since it is the only histidine residue conserved among all the AS Co1 sequences and is found also in the PS Co1 sequences. Similarly, the presence of six absolutely conserved arginine residues at positions 365, 403, 408, 466, 479, and 503 suggests that one of these residues may correspond to the essential arginine identified by chemical modification. The location of the proposed essential cysteine residue of S. marcescens AS Co1 had been determined elsewhere by sequencing a tryptic peptide containing this residue (Tso and Zalkin 198 1) . Comparison of the S. marcescens peptide sequence to E. coli AS Co1 identifies the "essential" cysteine residue as that at position 4 10. However, the cysteine residue at 4 10 is not conserved among all the AS Co1 sequences; cysteine is replaced with alanine and serine in the Bacillus subtilis and Brevibacterium Zactofermentum sequences, respectively. The data suggest that a cysteine residue at this position is not an obligate requirement for the function of AS CoI. It is interesting that this cysteine residue in AS Co1 occurs near the highly conserved sequence-VDLARND-at positions 399-405. It is possible that the reactivity of the S. marcescens AS Co1 cysteine residue is a result of its proximity to an active site. Chemical modification at this site might result in interference with the active site and concomitant loss of catalytic activity.
The N-terminus of B. Zactofermentum AS Co1 has been shown to contain sequences essential for feedback inhibition by tryptophan (Matsui, et al. 1987) . Matsui et al. (1987) have suggested that the sequence -LLES-(positions 38-41) is essential to the inhibition mechanism. Experiments indicating tryptophan feedback inhibition of all of the AS Co1 proteins (E. coli [ Ito et al. 19681 , S. typhimurium [ Zalkin and Ring 19681 , B. subtilis [Nester and Jensen 19661 , B. Zactofermentum [ Matsui et al. 19871 , and S. cerevisiae [ Miozzari et al. 1978 ] ) presented in figure 5 have been reported, and the -LLES-sequence is found in each (in the E. coli and S. typhimurium sequences at positions 38-41; in the B. subtilis and S. cervisiae sequence at positions 84-87).
While the identification of this short sequence suggests a role for N-terminal sequences in feedback inhibition, it does not explain the general lack of similarity among the Nterminal of AS Co1 from a variety of organisms. Thus, the low amount of similarity among the N-termini of AS Co1 suggests that, even though feedback inhibition by tryptophan has been conserved among these proteins, an extensive sequence requirement for this function has not been retained.
It has been proposed that the development of new enzyme functions is most easily achieved by recruiting proteins that already exist and catalyze similar reactions (Jensen 1976) . Indeed, laboratory experiments have been reported in which such recruitment had occurred under artificial selection (Clarke 1974; Lin et al. 1976) . In this regard, it has been found that glutamine amidotransferases with different metabolic roles share similarities with PS Co11 and AS Co11 (Piette et al. 1984; Kaplan et al. 1985; Zalkin et al. 1985) . These proteins constitute a family of enzymes that utilize the amide group of glutamine in the biosynthesis of various compounds. From the available data, it is not apparent that PS Co1 and AS Co1 belong to a family of related proteins. If such a family exists, likely candidates might include other chorismateutilizing enzymes that may share catalytic properties with AS and PS. Candidates include enzymes such as the chorismate isomerase activities encoded by pheA and tyrA, isochorismate synthase encoded by entC, or chorismate lyase encoded by ubiC. The deduced amino acid sequences encoded by pheA and tyrA have been reported elsewhere (Hudson and Davidson 1984) ) but no similarities have been observed in sequence alignments of these two proteins with PS Co1 and AS Co1 (data not shown). Nucleotide and amino acid sequence data are not yet available for entC or ubiC.
The similarity of reaction mechanism, nucleotide and amino acid sequences, and predicted polypeptide structures strongly suggests that PS and AS reflect a natural system of acquisitive evolution that has occurred following the duplication of genes encoding an ancestral aminobenzoate synthase complex. Following an initial gene duplication event, divergence of the Co1 and Co11 genes could have proceeded by modifications resulting in alteration of the reaction chemistry and subunit contact sites. Since PS and AS Co11 are members of a larger paralogous family, the duplication scheme is likely to have occurred more than once in the evolution of E. coli. It will be interesting to see whether the same is true for the gene encoding CoI.
